repair.
If the diagnosis has been made later, in patients who have survived the immediate effects of the injury, late plastic repair, as practised by Paulson (1951) , and Weisel and Jake (1953) , has produced good results.
Pneumonectomy has been performed as long as ten years after the original injury, where a consequent bronchial stricture was complicated by saccular bronchiectasis. (Paulson, 1951; Dalgleish, et al., 1934 .) The condlition has been reviewed by Krauss (1956) , who added four further cases to the literature.
This case illustrates the classical features of the condition together with the usual development of complications which, in this instance, proved fatal.
CASE REPORT.
A 14-year-old girl, while cycling, was knocked down by a motor-car. On arrival at the Royal Victoria Hospital she was disorientated, very restless, and talkative. She kept calling for her parents and resented examination. It was noted that her breathing was stertorous, the respiratory rate being 32/minute. Her injuries included a compound fracture of the right humerus, minor abrasions of .the face and forehead, and a laceration of the right side of her neck. Tlhere was bleeding from the left nostril. The pupillary reflexes were equal and normal, as were the deep tendon reflexes. The plantar responses were flexor. lThe heart 75 sounds were normal. Pulse, regular at 78 per minute. B.P. 160 mm. systolic. Shortly after admission to the ward, surgical emphysema appeared in the suprasternal notch and spread rapidly up the neck to the face and downwards over the clavicles into the subcutaneous tissues of the chest. Examination of the chest at this time showed that the trachea was deviated to the right and the breath sounds on the left, though audible, were diminished. The patient had rapidly become cyanosed, but her colour improved when oxygen was given by means of a B.L.B. mask. The signs of left pneumothorax, with the rapidly spreading surgical emphysema suggested the possibilities of a tear in the lung with fractured ribs or a tear in a bronchus. An X-ray of the chest confirmed the presence of a left tension pneumothorax. It also showed a smaller right pneumothorax and an impacted fracture of the neck of the right humerus. The presence of surgical emphysema was-also apparent. A needle connected to an underwater seal was put into the seventh left intercostal space in the mid-axillary line and air bubbled out. Oxygen was given under pressure, but the patient expired within an hour of admission before further measures could be instituted.
AUTOPSY.
An examination of the body was made fourteen hours after death. The body was that of a well-nourished young girl with obvious crepitance of the subcutaneous tissues over most of the body. On opening the thorax, surgical emphysema was seen in the mediastinal tissues, and it was noted that both lungs were collapsed and almost airless. A transverse fracture of the left first rib, which did not involve the pleura, was the only thoracic bony injury. There was a subpleural extension of blood laterally, from the posterior mediastinum along the line of the third, fourth, fifth, and sixth left ribs. The neck organs, oesphagus, trachea and thoracic viscera were reflected forwards, from above downwards, and remained en bloc. A moderate amount of recent haemorrhage was seen around the region of the tracheal bifurcation, and dissection of this region revealed a ragged transverse rupture of the left main bronchus, with a smaller, less extensive transverse tear running about i cm. distal to the main lesion (illustration central art insert). There was a considerable amount of blood-stained mucus in the air passages. None of the main blood vessels of the hilum of the lung were damaged. Other findings related to the accident were a compound and an impacted fracture of the right humerus, a fracture of the orbital plate of the left frontal bone, and a small area of contre-coup bruising of the right occipital pole.
DISCUSSION.
This case exhibits the clinical and pathological features usually found in this condition. The points that warrant investigation are the mechanism of bronchial rupture, the effects of bronchial rupture and their complications, the problem of early diagnosis, and finally the treatment of the condition.
Various theories have been advanced on the mechanism of bronchial rupture. Dalgleish, et al. (1954) , suggest that the accident occurs with the lungs expanded with air and the glottis closed, and that it is comparable to rupture of the bowel or of other closed segments. The trachea and bronchi are rendered rigid by the 76 increased pressure and burst or fractured against the vertebral column. The direct effect of a crushing injury is not, however, always present. Dark and Jewsbury (1955) record the case of a 6-year-old boy who fell ten feet, the point of impact being the outer aspect of the shoulder. Direct pressure, regardless of the pressure within the respiratory system, must be considered. A high proportion of these accidents occur in children or young adults. Of the cases mentioned by Kinsella and Johnsrud (1947) in which the age was known, twenty of thirty-four cases were 21 years or less in age. As is well known, the thorax in the young person is capable of great deformation with little or no bony injury, and it is reasonable to suppose that the manubrium may be pressed back, almost into momentary contact with the vertebral column by crushing forces applied to the upper chest. In this case the trachea, due to its rigidity, would be pushed to one or other side of the vertebral bodies, leaving a main bronchus crossing the vertebral column. It is perhaps significant that fracture most frequently occurs near the tracheo-bronchial junction.
It is, however, also probable that when the upper thorax is compressed, the thoracic viscera are forced downwards into the lower thorax to some extent. The heart and lungs connect with the neck by means of the great vessels, which are essentially elastic in nature, and by the trachea, which is relatively inelastic. It follows that the trachea and bronchi may thus be exposed to longitudinal stretching. Shearing or tearing would be expected at, or close to, the insertion of the major bronchi into the trachea. It is, of course, illogical to argue that a certain effect must always be the result of the action of one of a number of possible causes. We are of the opinion that, in the case of rupture of the bronchus, all these mechanisms occur, acting alone or in conjunction.
The effects of bronchial rupture may be initially severe if there is separation of the fractured ends with resultant obstruction of the lumen by soft tissues or blood, thus removing the affected lung as a functioning organ of respiration.
At this stage and later, haemoptysis is usually present, the presence of bright red blood indicating probable damage to the lung parenchyma or pulmonary veins. Pain is variable and is usually obscured by accompanying injuries to the thorax or other parts of the body. It is of little or no value as a diagnostic feature. Dyspncea is usually seen, it has several causes. The sudden avulsion of one lung or part of a lung from the tracheo-bronchial tree will prevent adequate ventilation of pulmonary tissue distal to the bronchial tear. Since the pulmonary vessels are usually intact, the lesion initially permits an unoxygenated arterio-venous shunt in the pulmonary circulation, at least, until the gases in the affected lung have been absorbed and full pulmonary collapse has occurred. Dyspncea produced by the resulting anoxia may be aggravated by the presence of vagal afferent impulses from the collapsed lung tending to stimulate further the respiratory centre.
Surgical emphysema commonly, but not invariably develops, usually appearing first at the root of the neck and extending thence to involve most of the upper and later the lower part of the body. The development of surgical emphysema is due to the presence of a pressure gradient between the air in the respiratory tract and the exposed tissue planes of the mediastinum. Crying, coughing, and partial 77 N bronchial obstruction will all contribute to the occurrence of this complication. The presence of air in the mediastinal tissues could conceivably result in constriction of the large venous channels in the mediastinum and root of the neck (Barford, 1906) . The escaping air frequently enters one or both pleural cavities with the formation of a pneumothorax which may develop considerable positive pressure and require aspiration. Tachycardia and shock are commonly associated with bronchial rupture. In this case the blood pressure was raised to 160 mms. Hg.-probably by a reflex response to the anoxia.
In our opinion, one of the most important factors in the early diagnosis of bronchial rupture is awareness of the existence of the condition, because, once suspected, confirmation of the diagnosis may be obtained by several methods.
The diagnosis may be suggested by the history and clinical examination, but a bronchoscopic examination provides conclusive evidence of the nature of the condition. Occasionally chest X-rays are helpful, and when combined with a radio-opaque medium in a bronchogram (Kinsella and Johnsrud, 1947) have been used to demonstrate the site of rupture in long-standing cases.
The treatment of bronchial rupture falls into three main categories. Firstly, the patient who shows little or no distress, and where pulmonary function is not disturbed may be, initially at least, treated by "watchful inactivity." It should be remembered that these cases may develop tension pneumothorax, requiring immediate relief. Secondly, other cases, those in distress or showing signs of surgical emphysema, tension pneumothorax or pulmonary collapse should be subjected to exploratory thoracotomy. Ideally an endobronchial tube should be inserted into the uninjured bronchus for the maintenance of anesthesia. (Kinsella and Johnsrud, 1947 .) However, since this injury, when it occurs, frequently does so in young persons, it will often not be possible to insert an endobronchial tube. In practice Sanger (1945) used endotracheal ether satisfactorily. Thirdly, less severe cases may be treated after an interval by elective thoracotomy and bronchial repair or excision as indicated.
The surgeon operating on these cases has the choice of three courses; immediate repair of the defect, possibly with resection of the affected portion of bronchus and anastomosis of the separated bronchial stumps. (Scannell, 1951.) He may anastomose the distal stump to the tracheal wall (Sauvage, 1954) with closure of the proximal (tracheal) stump or, thirdly, carry out pneumonectomy or lobectomy operations according to the order of bronchus affected (Kirkpatrick, 1950; Dark and Jewsbury, 1955) . Preservation of pulmonary tissue is, of course, preferable to excision, and repair should, where possible, be attempted.
Sometimes when a patient has survived the accident for a period without serlous disability, and then develops bronchiectasis or some other infected lung condition secondary to bronchial stenosis, surgical treatment will be required to remove the infected lung. If the lung is not seriously affected, or is merely collapsed, bronchial repair, even at a considerable lapse of time after the original injury, may yet produce good results, with expansion of the collapsed pulmonary tissue. (Paulson, 1951.) 78
A case of traumatic rupture of the left bronchus is described. The literature is briefly reviewed and the mechanism of rupture, its effects, diagnosis and treatment are discussed. The condition is usually caused by crushing injuries of the upper thorax. It may cause heemoptysis, dyspncea, cyanosis, surgical emphysema, pneumothorax, pain, shock, tachycardia and pulmonary collapse. The diagnosis may be confirmed by bronchoscopy, bronchography or exploratory thoracotomy. Except in rare mild cases, surgical repair of the bronchus with restoration of the airway to the affected lung is advised. Surgery may be undertaken even after a lapse of years for delayed complications, and with the prospect of good results.
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